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@ A process for purification, in particular desulphurization, of flue gas.

@ in a process for purification, in particuiar desulphuriza-
tion, of flue gas from the combustion ot sulphur-containing
fuel in a combustion furnace, fresh, alkaline absorption agent
selected among oxides and hydroxides of calcium, mag-
nesium and the alkali metals, is added in the flue gas channel
from the combustion furnace. and the formed reaction pro-
duct is separated from the flue gas.

By adding the absorption agent drily after adjusting the
water-dewpoint of the flue gas and:or the temperature of the
flue gas so that the distance between dewpoint temperature
and flue gas temperature is 5-50°C, preferably 10-20°C, a very
effective desulphurization is obtained.
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A PROCESS FOR PURIFILATION,
IN PARTICUUAR DESULPHURTZATION, OF FLUE GAS

The present invention relates to a process for purificatigm, in
particular desulphurization, of flue gas from the combustion of sul-
phur-containing fuel in a8 combustion furnace, in which process a
fresh alkaline absorption agent selected among oxides and hydrox-
ides of calcium, magnesium and the alkali metals, is added in the
flue gas channel from said combustion furnace, and the reaction
product formed is separated from the flue gas.

In the present context "combustion furnace" shall mean any
plant for conducting a combustion process, including boilers and
installations for combustion of waste materials. By "sulphur-contai-
ning fuel” is meant all types of sulphur-containing fuels including
coal, oil, biofuel, various waste products, and natural gas.

By their combustion said fuels form various gases, which for
various, in particular environmental reasons, to a larger or smalier
degree must be removed from the flue gas before this can be expel-
led into the atmosphere. These undesirable gases are f.ex. HCI,
HF, HZS' 503, and above all 502. The present invention aims to
reduce the contents of these undesirable gases to an acceptable level
in the flue gas and therefore broadly involves a purification thereof.
in the following specification the invention will in particular be de-
scribed in connection with desulphurization.

Known desulphurization processes may primarily be divided in
two main types, namely desulphurization in the combustion furnace
as such, and desulphurization in the flue gas channel outside the
furnace. _

By desulphurization in the combustion furnace it is well known,
in particular by boilers, to introduce an alkaline absorption agent,
in particular limestone (CaCO3) and hydrated lime (Ca(OH)Z), where-

by the following reactions take place:

Ca(OH)2 * Ca0O + HZO t > 500°C

CaCO3 - Ca0o + CO2 t > 750°C

Ca0 + SO2 + 1202 -»> CaSO4 t > 700°C

The calcium sulphate formed will as solid particles be expelled
with the flue gas, wherefrom it may be removed together with fly

ash, f.ex. by means of suitable filters, in particular bag filters or
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one or more separation cyclones. Despite persistent efforts it has
probably not up to now - even by extremely high lime consumption -
been possible to obtain an essentially higher degree of desulphuri-
zation than about 60% by desulphurization directly in the boiler.

Such a degree of desulphurization is regarded as unacceptably low,
and desulphurization in the combustion furnace must therefore in
almost all cases be supplemented with further purification of the flue
gas. it is furthermore recognized today that Cz:xSO4 (plaster of Paris)
is not well suited for waste deposition as it is somewhat soluble in
water and therefore in time will be washed out. CaSO3 is less soluble
in water and therefore more useful for deposition, but it cannot be
formed by desulphurization in a combustion furnace, because at the
existing temperature conditions the excess of air forces the process
shown above to proceed.

There is furthermore known a number of processes for removal
of 502 and other acid gas components from the flue gas, cf. f.ex.
US Patents No. 4,197,278, 4,324,770 and 4,279,873. These proces-
ses are generally of three types, namely the wet-method, the semi-
wet-method and the dry-method. It is a common characteristic of
these processes, where desulphurization is performéd on the flue
gas as such, that generally they require often costly additional pro-
cess equipment, such as f.ex. spray-drying plants and mixing tanks.

Finally, there is known a number of processes, which combine
desulphurization in the combustion furnace and desulphurization of
the flue gas.

In a process according to PCT application WO 85/02453 an alka-
line absorption agent, preferably CaCOB, is first added to the com-
bustion furnace, whereby part of the sulphur is bound as sulphate,
and a first filtration is performed in a dry-separator, f.ex. an elec-
trofilter. The mix product separated herefrom will essentially consist
of CaSO4 and fly ash, whereby firstly the deposition problems dis-
cussed above will exist, and next it will not be possible independent-
ly to utilize the fly ash, which is a useful product. The filtered flue
gas is then cooled to a temperature below 400°C, a further alkaline
absorption agent, f.ex. CaO, Ca(OH)2 an/or Mg(OH)2 is added, and
preferably a gas drying agent, f.ex. CaClZ, and a new filtration,
preferably in bag filter, is performed.
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In a process according to US patent no. 4,509,436 an al!«aline
absorption agent, preferably CaO or CaCO3, is first added to the
combustion furnace. Next, the flue gas with excessive, unreacted
Ca0 together with particles of fly ash and sulphate is directed to a
heat exchanger, wherein a preliminary cooling is performed, and the
flue gas is filtered, preferably in bag filter. A portion of the par-
ticles separated from the filter is further cooled and directed back
in the flue gas in order to cool this to the water-dewpoint. The pur-
pose of this step is to form a water film on the surface of the ash
particies so that unreacted excessive CaO from the furnace may be
converted into Ca(OH)Z, which again leads to the reaction

Ca(OH)2 + 50, » CasSO, + H,,O

2 3 2

A process according to US patent no. 4,519,995 is based upon
the same principles, but rather than cooling the flue gas with cooled
recirculated particles, an increase of the relative water content in
the flue gas is proposed by recirculating cooled flue gas or injecting
water.

in both processes known from said US patents the final depo-
sition product will contain a mixture of sulphate and fly ash (from
the furnace) with the above mentioned resulting desposition problems
and lacking possibility of independent utilization of the fly ash. Fur-
thermore, the addition of CaCO3 to the combustion furnace means a
substantial risk of deadburning of excessive, by calcination formed
Ca0, which may only with difficulty be "opened" by establishment
of a moist milieu in the flue gas.

The present invention is based upon the unexpected recognition
that a very effective desulphurization may be obtained without desul-
phurization in the combustion furnace, only by adding dry, fresh,
alkaline absorption agent to the flue gas from the combustion furnace,
provided that the water-dewpoint or the temperature of the flue gas,
before adding the absorption agent, is adjusted so that the current

temperature of the flue gas is only slightly above the water-dewpoint
of the flue gas.

In this connection "fresh" alkaline absorption agent means ab-

sorbent added from outside to the system of combustion furnace and
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flue gas channel, in contrast to the well known additions via_the
combustion furnace.

The process according to the invention is characterized in that
the absorption agent is added drily at a primary insert point after
adjusting the water-dewpoint of the flue gas and/or the temperature
of the flue gas, so that the distance between dewpoint temperature
and flue gas temperature is 5-50°C, preferably 10-20°C.

By said adjustment it is contemplated to obtain a maximum, re-
lative water content in the flue gas without risk of condensation of
liquid water. Under these conditions it has been found that the fiue
gas contents of 502 quickly and willingly reacts with the absorption
agent to form the corresponding sulphite, preferably CaSO3, which
in conventional manner may be separated from the flue gas.

By the process according to the invention there may as men-
tioned be obtained a very effective desulphurization, which in de-
pendence of the selected process parameters, as further explained
below, may approach 100%. As a result hereof, there is absolutely
no need of performing desulphurization in the combustion furnace as
such and the above explained problems in connection herewith are
thereby avoided. If desired, the fly ash may be separated from the
fiue gas before the dewpoint adjustment or in a particular embodi-
ment of the invention, as explained below, it may be filtered selec-
tively off simultaneously with the reaction product formed with the
sulphur content of the flue gas, whereby in both cases the possibi-
lity of a separate utilization of the fly ash is obtained. In proportion
to known desulphurization processes on the flue gas alone, there is
obtained a more effective desulphurization, better heat economy,
better possibility of separate utilization of fly ash and desulphurization
products and/or possibility of using more simple process equipment.

According to the invention, the absorption agent is added drily
to the flue gas, whereby is meant that it is not a question of a solu-
tion, suspension or other liquid or semi-liquid form, although an
absolutely anhydrous product does not have to be in question. For
economical and practical reasons the preferred absorption agent is
pulverulent hydrated lime, which in practice is about 90% pure

Ca(OH)2 with a low water content up to 5%.
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In the process herein disclosed, the flue gas channel functions
as a tube reactor. The flue gas from the combustion furnace'will
typically arrive at this reactor at a temperature in the order of
150°C, but essentially higher temperatures are also possible, in par-
ticular when the flue gas has not been subjected to a filtration in
electrofilter or separation cycione. The relative water content is low
in proportion to the conditions, which are contemplated by the pro-
cess according to the present invention, and the necessary adjust-
ment of the distance to the dewpoint may either be performed by
lowering the temperature cof the flue gas or by adding water from
outside, or by a combination of both. According to a preferred em-
bodiment the water-dewpoint is adjusted by addition of liquid water.
According to another and more preferred embodiment, the distance
to the dewpoint is adjusted by lowering the flue gas temperature by
passage through a heat exchanger. When the flue gas from the com-
bustion furnace has a temperature in the order of 150°C, a cooling
to about 55-60°C will typically cause that the contemplated adjustment
of the distance to the dewpoint is obtained for the usual absolute
moisture content from a combustion process. According to M. Satriana,
New Developments in flue gas desulphurization technology, Pollution
Technology Review No. 82, Noyes Data Corp., Park Ridge, New
Jersey, USA, 1981, it is known that the reaction between 502 and
a drily injected absorption agent proceeds best at temperatures above
200°C, whereby the SOz-r‘emoval should be increasing at increasing
temperatures. This is also in accordance with the fact that the reaction
with the drily injected absorption agent does not proceed, or pro-
ceeds only with difficulty, at the usual temperature of the fiue gas
in the order of 150°C, which makes it so much more unexpected and
surprising that the reaction may proceed effectively after the pre-
ferred cooling according to the invention. According to the invention
it is furthermore preferred that the heat exchanger is an air-preheater,
which heat-exchanges with fresh air to the combustion furnace. In
this manner the heat content of the fiue gas is optimally utilized.
Such an air-preheater may be configurated as a known tubular heat
exchanger of the countercurrent type. The heat exchanger may also

be configurated to reheat the flue gas after desulphurization.
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By cooling of the flue gas there is a risk of condensation of
acid gases, f.ex. 503, HC! and HF, whereby the heat exchanger
may corrode. This may be prevented by manufacturing the heat ex-
changer of acid resistant material or by performing a coating or
enamelling of the heating surface. However, according to the inven-
tion it is preferred to eliminate the corrosion problem by adding
further fresh, alkaline absorption agent at a secondary insert point,
which in the flow direction of the flue gas is before the heat exchanger.
in this way the acid gases are neutralized, a principle which in itself
is known from published Swedish patent specification no. 437,123.

As mentioned above, the flue gas channe! acts as a tube reactor,
and its length is dimensioned in conventional manner in view of the
diameter or cross section of the flue gas channel, to obtain a resi-

dence time, which preferably shall be at least %-1 second from the

primary insert point for the absorption agent to the point where the

reaction product is removed. If necessary, the residence time may
be prolonged by inserting a whirling chamber in the reaction channel,
which, however, preferably is avoided because of the loss of effect.

The reaction product formed by the reaction between the flue
gas and the absorption agent may be separated from the flue gas in
any known manner with filters, including electrofilters, or separa-
tion cyclones, in particular by means of bag filters of the type de-
scribed in US patent no. 4,197,278. Such bag filters may consist of
woven cloth or steel web, their sizes and numbers being dimensioned
according to filtration requirements. The bag filters are emptied at
intervals being decided by the wish of obtaining the principally longest
possible residence time on the filters against an undesired increasing
pressure drop with increasing build-up of solids. The pressure drop
over the bag filters may in known manner be counterbalanced by
inserting one or more suction draft blowers in the flue gas channel
after the bag filters.

The filtered solid product may be directed to depot or further
manufacturing, but according to the invention it is preferred that
part of the product is recirculated for mixture with the dewpoint-
adjusted flue gas, said recircuiation being made to an intermediary
insert point, which in the flow direction of the flue gas is before

said primary insert point.
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According to a further preferred embodiment of the invention,
a separator may be inserted in the flue gas char:nel, wherein part
of the solid reaction mixture is separated from the fiue gas, before
this reaches the above mentioned filter. As this filter preferably is
a bag filter, an inserted separator may reduce the load thereon.
The inserted separator is preferably a cyclone, whereby the resi-
dence time in the flue gas channel is prolonged. By embodying such
a cyclone as a socalled multi-cyclone filter, it is possible to selective-
ly remove the fly ash from the other solid particles, which would‘
not be possible if the filtration merely took place on a bag filter.
The separated solid products from the inserted separator or cycione
may be directed to depot or further manufacturing, but it is pre-
ferred that at least part of the product be recirculated together with
the recirculated mixture from said bag filter to the flue gas channel.
When a separator as mentioned above is inserted in the flue gas
channel, it is preferred that the primary insert point of fresh alka-
line absorption agent lies after said separator, i.e. in the preferred
embodiment between the cyclone and the bag filter. Hereby fresh
absorption agent is inserted at a point, where the flow gas has a
relatively low content of 502, and it becomes possible to remove this
residual amount. Alternatively, the primary insert point may be be-
fore the cyclone so that the desulphurization therein is increased.

The degree of desulphurization which may be obtained by the
process according to the invention depends essentially on the added
amount of alkaline absorption agent in proportion to the sulphur con-
tent, and the degree of recirculation. With commercial hydrated lime
as absorption agent, a degree of desulphurization approaching 100%
may be obtained by adding about 3 mole Ca per mole S in the flue
gas, and recirculation in an amount corresponding to 10 times the
weight of solid particles in the system. By a higher recirculation
rate, close to 100% desulphurization may be obtained by addition of
down to 2 moles Ca per mole S in the flue gas. However, such a
high degree of desulphurization is rarely necessary in practice, and
in many cases with conventional coal types with a suiphur content

of 1-1.5% by weight, a degree of desuiphurization of 75% will be
adequate.
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This may be obtained by means of the invented process by using in
the order of 1.0 mole Ca per mole S in the flue gas, and a recircu-
lation rate in the order of 10 times. In view hereof it is preferred
according to the invention that the fresh absorption agent is added
in excess, preferably 1.0-1.6, in particular 1.0-1.1 mole Ca per mole
S in the flue gas and that a part of the mixture containing reaction
product and unreacted absorption agent after separation from the
flue gas is recirculated for mixture with the dewpoint-adjusted flue
gas.

A preferred embodiment of the process according to the inven-
tion will now be illustrated with reference to the drawing, wherein

Figure 1 shows a plant being useful for embodying the process
and

Figure 2 shows a graph of desulphurization as a function of
Ca/S-mole ratio.

Referring now to fig. 1 a fuel is introduced at 1 into a com-
bustion furnace 10, which f.ex. may be a boiler. Fresh air is intro-
duced at 2 and the formed flue gas is directed along with solid com-
bustion particles including fly ash through a flue gas channel 12.
The flue gas channel leads via a possible, not shown, separator,
which may be an electrofilter for removing fly ash, to a flue gas
cooler or heat exchanger 20. In the example shown, this is in heat
conducting connection with an air-preheater 25, which from a con-
duit 3 preheats primary air for introduction into the combustion
furnace 10 via conduit 2. From the heat exchanger 20 the flue gas
channel leads to a separator 30 being embodied as a cyclone, and
from here to a separator being embodied as a filter 40, f.ex. a bag
filter. Finally, the flue gas channel leads via a suction draft blower
50 to chimney 60. A silo 70 stores alkaline absorption agent, f.ex.
hydrated lime, which by means of a blowing device 80, f.ex. a high-
pressure blower, is injected via conduit 72 directly into the flue gas
channel 12 at a primary insert point between the cyclone 30 and the
filter 40. By means of a regulation device (not shown) part of the
absorption agent may be directed from conduit 72 through a conduit
74, which at a secondary insert point ends in the flue gas channel
12 before the heat exchanger 20. The solid particles being separated

on the filter 40 are at the bottom directed by means of a transporta-
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tion mechanism 42 and a control mechanism 44 to a conduit 46, where-
to also solid particles from the cyclone 30 are directed via tr'ansporta—
tion mechanism 32 and control mechanism 34. A blower 47 forwards
the particles in the conduit 46 to an intermediary insert point on
the flue gas channel 12 between the heat exchanger 20 and the cy-
clone 30. From the conduit 46 part of the solid particles are removed
and directed to depot or further manufacturing via conduit 48. ‘

As an example, standard coal containing 1.0-1.3% S is fired at
1 into the bmterw.!)ry, particulate hydrated lime is injected via a
conduit 74 in m Mum ‘corresponding to about 0.1 to about 0.2
mole Ca per"r'nol"e" S in the flue gas, whereas the remainder of the
desired amount of hydrated lime corresponding to a total Ca/S mole/
mole ratio of 1.0 is dry-injected via the conduit 72. At the point '
where the conduit 74 ends in the flue gas channel 12, the flue gas
has a temperature of about 150°C, whereby the lime neutralizes the
flue gas contents of 503, HCl, HF and similar acid products. In the
heat exchanger 20 the flue gas is cooled to a temperature of about
55-60°C, which for the usual water content from a combustion pro-
cess means that the flue gas now has a temperature, which is 15-20°C
above the water-dewpoint. The lime being added via conduit 72 re-
acts with 502 in the flue gas according to the reaction

Ca(OH), + SO, » CasO, + H,0

Unreacted Ca(OH)2 and the CaSO3 formed are deposited on the
filter 40, wherefrom the mixture is collected at suitable intervals
and divided into a stream to depot via 48 and a recirculation stream
via conduit 46. The unused recirculated Ca(OH)2 reacts with S0, in
the dewpoint-adjusted flue gas, which is directed to the cyclone 30,
wherein CaSO3 is separated along with unused C'a(OH)Z. Also this
product is divided into a stream to depot via 48 and a recirculation
stream via 46. If a filter, f.ex. an electrofilter for removing fly ash
has not been inserted between the boiler 10 and the heat exchanger
20, fly ash will be separated in the cyclone 30, possibly as an indi-
vidual fraction. At a recirculation amount via conduit 46 of about 10

times the weight of solid particles in the system, a degree of desul-
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phurization of about 75% was obtained under the other conditigns as
stated. |

Fig. 2 shows a graph illustrating the degrees of desulphuriza-
tion for Ca/S-mole ratios from about 0.4 to about 3.0 for a dewpoint-
distance of 15-20°C and a recirculation rate of 10.

As mentioned in the preamble, the present invention involves
in its broadest sense purification of flue gases, and not only desulphu-
rization, although this is regarded as the.most important for the
time being. Any other undesired gas component, such as f.ex. HCI,
HF or HZS’ which can be absorbed by means of the alkaline absorp-
tion agent, may in a similar manner be removed by means of the pro-

cess according to the present invention.
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CLAIMS

1. Process for purification, in particular desulphurizatic;n of
flue gas from the combustion of sulphur-containing fuel in a combus-
tion furnace, in which process fresh alkaline absorption agent selec-
ted among oxides and hydroxides of calcium, magnesium and the al-
kali metals, is added in the flue gas channel from said combustion
furnace, and the reaction product formed is separated from the flue
gas, CHARACTERIZED in that said absorption agent is dry-added
at a primary insert point after adjusting the water-dewpoint of the
flue gas and/or the temperature of the flue gas, so that the distance
between dewpoint temperature and flue gas temperature is 5-50°C,
preferably 10-20°C.

2. Process according to claim 1, CHARACTERIZED in that
the absorption agent is pulverulent, hydrated lime.

3. Process according to claim 1 or 2, CHARACTERIZED in
that the water-dewpoint is adjusted by adding liquid water.

4. Process according to claim 1 or 2, CHARACTERIZED in
that the fiue gas temperature is lowered by being passed through a
heat exchanger.

5. Process according to claim 4, CHARACTERIZED in that
the heat exchanger is an air-preheater heat-exchanging with fresh
air to the combustion furnace.

6. Process according to claims 4 and 5, CHARACTERIZED in
that further fresh, alkaline absorption agent is dry-added at a se-
condary insert point, which in the flow direction of the flue gas lies
before the heat exchanger.

7. Process according to claims 1-6, CHARACTERIZED in that
the fresh absorption agent is added in excess, preferably 1.0-1.6,
in particular 1.0-1.1 mole Ca per mole S in the flue gas, and that a
mixture containing reaction product and unreacted absorption agent
after separation from the flue gas is recirculated for mixture with |
the dewpoint-adjusted flue gas.

8. Process according to claim 7 CHARACTERIZED in that said
mixture containing reaction product and unreacted absorption agent
is recirculated to an intermediary insert point, which in the flow

direction of the flue gas lies before said primary insert point.
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9. Process according to claim 8, CHARACTERIZED in that a
first separator is inserted between said intermediary and ‘said'pri-
mary insert point and that a second separator is inserted after said
primary insert point, the recirculating mixture being a mixture se-
parated from said first or said second separator, or both of said
separators. ‘

10. Process according to claims 1-9, CHARACTERIZED in that
fly ash is separated before adjusting the water-dewpoint or the fiue
gas temperature. ’

11. Process according to claim 9, CHARACTERIZED in that
said first separator is a cyclone, wherein fly ash may be separated
from reaction product and unreacted absorption agent.

12. Process according to claims 1-11, CHARACTERIZED in that

said second separator is a bag filter.
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